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Cellulose and Chitosan Composite Membranes
for Protein and Salt Filtration

1.0 INTRODU<3TION

Cellulose membrane (S£) was prepared by culturi ng Acelaba cter xylinum in a media with suc rose as a carbon

source and was used as a supporting membrane in this study. Pore size of the supporting membrane was studied

by means of mol ecular weight eut off (MWCO) and SEM micrographs. For making cellulose/ch itosan

composite membrane SE/C H, ch itosa n solut ion was used as a coating polymer and app lied by a casting method .

This resu lted in a smaller hydraul ic permeabil ity coefficient (Lp) from 6.7 x 10-11 m3 N-1
S- I in membrane SE to

1.94 x 10-12 m3 N-1 s' in the composite membrane SE/CH . Using PEG of several molecular weigh ts as feed

solution, the MWCO of the SE membrane was 200 kDa while that of the SE/CH membrane was 6 kDa. The form er

rejected 1 g L- I BSA by 80%. With pH between 3 and 8, the composite membrane SE/CH rejected NaCl and

NaHC03by 50% , independent of the pH level. However, when using a divalent salt solution of MgS04 the rejection

was increased up to 85%, with an op timum at pH 6-7 and a permeate flux of 5.0 L m-2h- I at pressures of 0.5 MPa.
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Cellulose is one of the most abundant biological polymers in nat ure. One of its well known derivatives
that has been useet since the beginning of filtrat ion technology is cellulose acetate. Generally, pure
cellulose can be produced in laboratory by bacteria; such as Acetobacter xylinum, Rh izobium,
Alcaligenes, Agrobacterium. Sacina, Pseudomonas , has been used in several applications [1, 2].
However, A. xylin um is the bacterium most used, due to its high cellulose production compared to
others. In addit ion, bacterial cellulose possesses good water-binding capacity, high elasticity and
high tensile strength [1]. Chitosan is another biological polymer derived from chit in, which is a
polysaccharide found in the exoskeletons of crustaceans and is found in a wide range of natu ral
sources like crab and shrimp shells. Due to high affinity to water and good mechanical and chemical



2.2 Membrane Characterization
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Figure 1 Schemati c representation of a dead end filtration un it
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The PEG content in the perm eate volume was an alyzed when PEG soluti ons of several different
molecular weight s we re use d as feed . Figure 3 (a) shows th at PEG rejection from the membrane SE
increases with th e molecule size and th e rejection reached 90% at abo ut 200 kDa. The PEG perm eate
in Figure 3 (b) is constant during 5-30 min of filtration period with permeate nu x value scattering
aro und 15 L m-2 h-I, regardless of th e molecular weig ht used . Figure 4 also shows the increase in
PEG reject ion of the membran e SE/ CH with the size of PEG used and the 90% rejection point is
found at about 6 kDa. SEM micro graphs of these membranes arc compared in Figure 5. Th ese confirm

3 .2 Membrane Molecular Weight Cut Off (MWCO)

This study showe d th at membrane SE could sta nd a compress ive press ure in the dead end unit up to
0.25 MPa witho ut breakin g and provided permeate wa te r at a rate of 60 L m-2 h-1 Figure 2 shows
tha t the fluxes are linearl y depen dent on the pressure and wa ter fluxes of memb rane SE/CH is
smaller tha n th at of SE at every pressure used . The greate r flux lead to th e larger Lp value of
membrane SE and it was 67 x 10-12 m3 N-1S-I, while that of memb rane SE/CH was 2 x 10-12 m' N
1s' . Based on the Lp value between 2.6 x 10-11 - 4 .0 X 10-10 m' N-1S-I [7], the membra nes SE is
classified as a UF membran e. The Lp value falls between 9.2 x 10-13 - 5.0 X 10-12 m' N-1 s-I for

membra ne SE/ CH is of NF-type [8-10] .

3.0 RESULTS AND DISCUSSION

3. 1 Hydraulic Permeability Coefficient (Lpl

To det ermine pore size of th e dense composite membrane SE/CH , 50 pp m of PEG (polyethylene
glycols) aqueo us solut ion of var ious MW (0.9 - 10 kDa) were used as a feed . Starting wit h a feed
volume of 100 ml an d 0 .8 MPa, conce nt ra tion of a permeat e volume was de te rmined using a
spectrophotometer at 535 nm wavelength. Pore size of the membran e was determ ined as a MWCO
valne when PEG reject ion reac he d at least 90% [6].
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2 .0 MATERIALS AND METHODS

2. 1 Preparation of Membranes

Hydrau lic permea bility (Lp) was est imated from a slope between water flux and the app lied pressure
of a memb ran e mounted in the dead end unit (Figure 1) . Dis tilled wa ter was used as a feed and
permea te volume was collecte d after known periods of time. Filtr ation of bovine serum albu min
(BSA) solut ion was made us ing membran e SE under a 100 kPa applied pressure. Th e conce ntration
of BSA on the feed side was 1 g L-1 at pH 6.35. From the kn own pro tei n conce nt ration of the feed

(Cf) an d th e permeat e (Cp), rejec tion from the membrane could be est imated us ing (1 - ~ ]x 100.

Each concent ration of BSA was dedu ced from a standard graph using a spectropho tometer at 750
nm wavelength. Similarly, sa lt rejection from membrane SE/ CH was st ud ied at pH 3-8 un der 0.8
MPa, using the same concentra tion as BSA. The amount of salt was determined in terms of solution
conductivity (Tetracon 325, LF 3 18. USA). Filt ration of NaC!, NaH CO , and MgS04 solutio n was
ma de for a comparison at 800 kPa, th e same pressure as used by Runho ng an d Z ho (20 04). In all
cases, th e feed was con tinuo usly ma gnetic stirred to avoid precipita tio n on th e memb ran e surfa ce .

sta bility, chitosan is wide ly used as a selective layer for com pos ite membranes in filtration techn ology
[3, 4] .

In many cases, a composite membran e was made by castin g a hydro philic polymer onto the surface
of a base membrane, followed by cross-linki ng of th e thin coating layer with gluta ra ldehyde [4 , 5] for
strengthening purposes. Th is paper firstly investigates the prop erti es of cellulose membrane produce d
by A xylinut n usin g sucrose and glucose as a carbon source for a comparison. Secondly, chitosanl
ce llu lose co mpos ite membran e was prepared . Mem bran e characterizatio n parameters suc h as
hydraulic perm eability, MWCO, an d tests on bovine serum albumin (BSA) and sa lt rejection are
reported .

Two types of biom at erials were used for memb ran e preparation . Th ey were cellu lose produ ced from
bacteria A. xylinum (TI STR 975 , Thailand) and chitosa n (Sea Fres h, 400 kDa deacethylation 76%).
The for mer was prepared by culturing the cells to 1 x 10' cfu ml-I density in a media composed of
4.0% (w/v) sucrose, 0.5% (w/v) yeas t extract, 0.5% (w/v) peptone , 0.033% (w/v) Na2H P04 and
0 .0115% (w/ v) citric acid, pH 4. Th e culture was incub at ed statica lly for 3 days at 27°C in a laminar
flow incu bator. The pro du ced cellulose acc umulated at th e surface of th e culture medi um . After a
des ign period of tim e, th e obtained cellulose membrane was referred to as SE and was also used as a
suppor ting membran e in thi s stu dy. Chitosan solut ion was prepared following Musa lc and Kum ar
[5] by dissolving chitosan flaskes in a mixture between 100 ml of 0 .3 M ace tic aci d an d 100 ml of 0.2
M sodium acetate, to make up a 1% ch itosa n solut ion. Abo ut 0.5 ml of th e solutio n was poured ove r
a supporting cellulose SE memb ran e disk (4.7 em diam eter ) and a thin chi tosan membran e was
form ed by slip cas ting method at room temperature. After dry ing in a du st free are a, th e membrane
was imm ersed in a 0.01% (w/v) glutaraldehyde in phosphate buffer for 1 hr, then was hed and dried
at room temperature aga in to cross-link the com pos ite membrane. This was referre d to as membran e
SE/CH.
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Figure 3 Filtrat ion of several PEG molecular weights for membrane SE at 100 kPa. (a) Rejection of
PEG and (b) Permeate flux. Eaeh data was averaged from 3 experiments
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Figure 2 Water fluxes against applied pressures of membrane SE (a) SE/C H (b) Each data was
averaged from 3 experiments
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The permeat e flux of BSA is shown in Figure 6 using 1.5 MPa pressure on the feed side . The flux
drops immediately aftcr thc start of filtration , ind icatin g pore blockage of the membrane. However, it
remains stable after about 5 min of the filtration period. Although the globular size of BSA is 64A
[12], much smaller than the above calcul ated pore size (116A) , the protein would be either thread
like or being clump after dissolved in a solution, depending on solution pH. Dur ing the 5 min filtration ,
some BSA wou ld obstruct the passage, leading to a redu ctio n of BSA penetrat ion at a later stage.
It wa s found that BSA rejection of membrane SE wa s 83 .1± O.7%. Permeat e flux of the membrane is
IS L m-2 h-I much less than that of wat er (sec Figure 2 (a)), du e to a smaller pressure was used .

Figure 5 SEM micrographs of (a) cross-section (b) top surface of two membrane types

3.3 Filtration of BSA by Membran e SE

the smaller pore size of the composite membrane SE/C H. As propo sed by Puh lfiirb et al . [11), the
equation R = 0.167(MW)O.S57(A) and R = 0.262(MW) 'h - 0.3(A) were uti lized to estimate pore size
of 2 - 40 kDa membranes and 200-3000 kDa membran es , respectively. The 6 kDa por e size of
membr ane SE/ CH was equivalent to 2.1 nm and the 200 kDa of membrane SE was 116A or 0.01 J.Ull.

These calculate d values agree w ell with a sc he matic represent ation of pore size for membran e
separa tion process described by Baker [12].
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Filtration of several PEG molecular weights for membrane SEiCH at 800 kPa. (a) Rejection
of PEG and (b) Permeate flux. Each data was averaged from 3 experiments
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3 .4 Filtration of Salts by Composite Membrane SE/CH

Figure 7 (a) shows th e effect of pH on salt rejection of dense composite membrane SEJC H. The
rejecti on s of NaC I and NaH C0 3 from th e membran e are nearly the same at all pH levels, with the
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4.0 CONCLUSION

Bacterial cellulose produced by A. xyli num and cellulose/ch itosan compos ite memb ran es show
potentia l in filt ration technology. Th e pure cellulose memb rane is an ultrafiltration type which rejects
protein by 83% at 500 " Pa , After bein g coa ted with a dilut e chitosan solution , th e pore size of the
cellulose/ chitosan was redu ced from 200 kD a to 6 "Da. Th e compos ite membrane re jects divalent
salt and monovalent sa lts by 85% and 50%, respectively, with op timum per for mance at pH 6-7.

value of about 50%. However, with a divalent salt MgS04 the reject ion is increased to 80% at pH 3
and slightly increases furth er to abo ut 85% at pH between 6 and 7, Figu re 7 (b) shows that th e
permea te fluxes of mon ovalent sa lts ar e grea ter at a ll pH levels. Averag ing ove r the pH ran ge, it was
6.36±0.53 L m-2 h- 1 for the monovalen t salts and 5.0± 10. 18 L m-2 h-1 for th e divalent sa lt. This
result togeth er with th e calc ulated MWCO value implies that th e compos ite membran e is a NF
membra ne type. It shn uld be noted that ce llu lose and ch itosan are hydrophilic mat erial s. As a
composite membr ane, it ab sorbed water to its maximum weight of abo ut 120% after 8 minutes.
Under testing method , it wo uld abso rb sa lt solution readily and th e amount of sa lt found in th e
permea te side was from both pressure dri ven and diffu sion process. Th e higher rejection of MgS0 4

salt could be du e to its larger molecular weight compared to NaC!. Th e result indicated that the
separat ion property to the compos ite membrane SE/CH to these sa lts was related to th e pore size of

the chitosan film.

Figure 7 Effect of pH level on rejection (a) and permea te flux (b) of NaCI, Na l lCD , and MgS04 by
SE/ CH compos ite membrane . Each data was averaged from 3 expe rimen ts
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Figure 6 Permeate flux for BSA filtration using memb rane SE. Data was averaged from 3 experimen ts
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